Technical Paper 35 


VERSITY | DEBARTMENT OF THE INTERIOR 
APR U7 1914BUREAU OF MINES 
PRINCETON, N J JOSEPH A. HOLMES, Director 


WEATHERING OF THE PITTSBURGH COAL BED 
AT THE EXPERIMENTAL MINE 
“NEAR BRUCETON, PA. 


BY 


HORACE C. PORTER 
AND" 


A. C.. FIELDNER 


WASHINGTON 
GOVERNMENT PRINTING OFFICE 
1914 


Google 


First edition. January, 1914. 


The Bureau of Mines, in carrying out one of the provisions of its organic act—to 
disseminate information concerning investigations made—prints a limited free edition 
of each of its publications. 

When this edition is exhausted copies may be obtained at cost price only through 
the Superintendent of Documents, Government Printing Office, Washington, D. C., 
who is the authorized agent of the Federal Government for the sale of all publications. 

The Superintendent of Documents is not an official of the Bureau of Mines. Hisis 
an entirely separate office and he should be addressed: 

SUPERINTENDENT OF DocuMENTS, 

Government Printing Office, 
Washington, D. C. 

The general law under which publications are distributed prohibits the giving of 
more than one copy of a publication to one person. Additional copies must be pur- 
chased from the Superintendent of Documents. The cost of this Technical Paper 
is 5 cents. 

2 


Google 


CONTENTS. 


Introduction:s <.-o2ccse:cs2asesseee-ds be ee tees genes ea Faas So8acas 5505 e056- 
Personnel of investigation............. 22.2202 eee eee ec eee cece cece ee eceees 
Outline of the purpose and results of the investigation..............--...---. 
Collection of saitipless.: wis esse's Siac djdecdensdes S750 ag e0 hoses whecicgnesenien 5 
Variation in chemical composition of the coal...............2.2.-22-0-20-205- 
Variation in oxygen-consuming and gas-liberating properties of the coal...... 
Variation in inflammability of dusts prepared from the coal.............-.--- 
Evaporative tests in a boiler furnace................222-20-- 20-2 - eee eee ee eee ee 
Effect of the ground-water level on weathering..................--2-+----+-+-- 
General’ conclimions <7 <c2.22 sods sh eves gic sgs osatass taetue ee sceee ee ase oe 
Publications on fuel technology................-2.2-2 2022222 e ee eee eee eee 


13. 


14, 


ILLUSTRATIONS. 


. Plan of the experimental mine..................-2---2-----+-+--- 
. Typical sections of the Pittsburgh coal bed.............-----.------ 
. Surface strata at outcrop of air course, right-hand side............- 
. Surface strata at outcrop of air course, left-hand side.............-. 
. Profile of surface contour overlying air course.............--.------ 
. Curve showing variation in total moisture content of samples as 


TOCEIVED Js ie ees oi acey sas eMe oe waSes Pe teas Soa tea D aes ee eaae abs 


. Curves showing variation in ash and sulphur content of samples on 


MOiIstuTe-free! HABISs 55555, essa vies ned ee eas BEE Ee Se he Seato’s 


. Curve showing variation in carbon content of samples on moisture 


and ash free! basis. . coos sa0cec.asaecedsewes ss becs aces Maeve css 


. Curves showing variation in oxygen and hydrogen content of samples 


on moisture and ash free basis............----2-222--e0e- eee eee 


. Curves showing variation in volatile-matter content and in calorific 


value of the samples on moisture and ash free basis..........-. 


. Rate of absorption of oxygen by three samples of coal] from the mine... 
5 Rates of liberation of CO, and CH,, by three samples of coal from the 


Comparative infammability of prepared dust of three samples of 
coal from the mine. 
Comparative inflammability of dust ‘prepared: from: four typical. coals. 


3 


Google 


29 


TABLES. 


Page. 
TaBLE 1. Analyses of coal from experimental mine on basis of coal as received - 12 
2. Analyses of coal from experimental mine on basis of air-dried coal. . 14 
3. Analyses of coal from experimental mine on basis of dry coal...... 16 
4. Analyses of coal from experimental mine on moisture and ash free 
basis 22.8 s92cSseescs tc 5sih 5 eset acme cs pasos sede aac ers 18 
5. Ultimate composition of various coals..........--....-2-2---+------ 23 
6. Absorption of oxygen and liberation of CH, and CO, by coal 620 
feetfrom: outcrop. 2:2... 2.2. 225355 Soe sce gaa ceatecesaesacascs 25 
7. Absorption of oxygen and liberation of CH, and CO, by coal 50 feet 
from OUtCKOP. 32628255. se5003ce 5525025554 a005R6n00 be e245 coe ens 25 
8. Absorption of oxygen and liberation of CH, and CO by, coal 5 feet 
POM OUIGTOD («saat csdleacs eos o epoaw a nneads Sarteeeuew cada oak oes 26 
9. Description of coals used for inflammability tests.................- 27 
10. Analyses of coals used for inflammability tests........-.....-.-... 28 
11. Results of steaming tests of ‘‘rusty” and fresh coal........-...-..-. 30 
4 


Google 


WEATHERING OF THE PITTSBURGH COAL BED AT THE 
EXPERIMENTAL MINE NEAR BRUCETON, PA. 


By Horace C. Porter and A. C. FreLDNER. 


INTRODUCTION. 


The experimental mine of the Bureau of Mines is an opening in the 
Pittsburgh coal at a point where the bed outcrops on a hillside, a 
mile south of Bruceton, Pa., or about 13 miles south of Pittsburgh. 

During the driving of the two nearly horizontal entries of this 
mine an unusual opportunity was presented to study the variation 
in the character of the coal at increasing depth below the surface | 
and distance from the outcrop. Accordingly, during the summer of 
1911, when the entries had been driven about 620 feet, such a study 
was made by taking samples at different distances from the outcrop, 
analyzing and comparing these in various ways, and making obser- 
vations of the physical character of the coal at the several points. 

All of the samples were subjected to a complete chemical analysis. 
Certain ones also were compared with respect to ease of oxidation, 
tendency to liberate inflammable gases, and relative inflammability 
of the dust obtained by pulverizing. Two 15-ton samples were com- 
pared as to their steaming qualities in a boiler furnace. The results 
of the analyses and tests are published in this paper as a contribu- 
tion to the effect of weathering on coal beds, with especial reference 
to decrease of fuel value and the relation between the appearance 
and the chemical composition of weathered coal. 


PERSONNEL OF INVESTIGATION. 


The plans for the investigation were made under the supervision 
of George S. Rice, chief mining engineer, who also directed the sur- 
veys for establishing the profiles of the mine and supervised the 
work of collecting the samples, which was done by H. I. Smith, 
assistant mining engineer. The chemical analyses were made and 
the analytical data assembled by A. C. Fieldner, chemist, the 
inflammabilitr tests of dusts were made by E. J. Hoffman, assistant 
chemist, and the steaming tests by S. B. Flagg, engineer. 


@ Rice, G. S., First series of coal-dust explosion tests in the experimental mine: Bull. 56, Bureau of 
Mines, 1913, pp. 17-37. 5 
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6 WEATHERING OF THE PITTSBURGH COAL BED. 
OUTLINE OF THE PURPOSE AND RESULTS OF THE INVESTIGATION. 


The data obtained show the extent of alteration by weathering in 
the Pittsburgh coal bed as situated in this particular mine and will 
serve as a basis for approximate estimates of the alteration of the 
same bed in other mines similarly situated. The results have demon- 
strated that indications of weathering, such as yellowish coatings of 
iron hydrate or a dull appearance of the surfaces, do not always 
signify a material change of the chemical composition or heating 
value of the coal itself. 

The chemical analyses show that changes in composition have 
occurred in the coal for a distance of about 50 feet from the outcrop. 
The analytical data serve as a basis for certain deductions as to the 
nature of these changes. Several points of similarity become evident 
between weathered coal of this character and the Cretaceous coals 
and lignites. On the other hand, certain dissimilar properties of the 
two render it altogether doubtful whether a true metamorphosis or 
reversion of the bituminous coal to the lignitic type could ever take 
place through the agency of weathering. The analyses also show 
that the composition and heating value of the unweathered coal, 
computed on the moisture and ash free basis, are fairly constant. 

In addition to the usual analyses, special tests were made in order 
to show the relative oxygen-consuming power of the coal samples 
and their power of liberating inflammable gases, because these prop- 
erties are known to vary with the nature of the coal and have a bear- 
ing on mining operations. As the direct union of freshly broken 
coal with oxygen lowers the oxygen content of mine air in places 
where ventilation is inadequate, and as the continuous escape of 
inflammable gas from broken coal tends to increase the danger of 
explosions, it is of interest to determine to what extent, if any, this 
behavior of coal is affected by proximity to the outcrop and conse- 
quent weathering. 

Samples were taken at different points in the mine and put in 
5-gallon glass bottles, the coal being crushed so as to pass a one-half- 
inch screen; 20 pounds were placed in each bottle as quickly as pos- 
sible after the coal had been broken down, and the bottle was sealed 
before it left the mine. By admitting air to the bottles in measured 
quantities daily and drawing off the air and gases the progress of 
oxidation of the coal and of the liberation of inflammable gas was 
followed. The samples thus tested were taken at 5 feet, 50 feet, and 
620 feet from the outcrop. The results and conclusions are presented 
on pages 24 to 27. 


a See p. 23. 


THE PURPOSE AND RESULTS OF THE INVESTIGATION. 7 


It is known that the degree of inflammability of coal dust is lowered 
by weathering of the dust itself.* Frazer, Hoffman, and Scholl? 
have shown also that samples of exposed coal from country banks 
are less inflammable when powdered than the usual mine sample of 


© Reference point 


FiaureE 1.—Plan of the experimental mine. 


the same type of coal. In the present investigation three samples, 
taken at the outcrop, 50 feet in and 620 feet in, were submitted to 


a Chamberlin, R. T., Notes on explosive mine gases and dusts: Bull. 26, Bureau of Mines, p. 63; Taffanel, 
J., Premiére Series Travaux de laboratoire, station d’essais de Liévin, Comité Central des Houilléres de 
France, p. 47 (see also Cinquiéme Series des essais sur l’inflammabilité des poussiéres). 

> Frazer, J. C. W., Hoffman, E. J.,and Scholl, L. A., jr., A laboratory study of the inflammability of 
coal dust: Bull. 50, Bureau of Mines, 1913, 60 pp. 
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8 WEATHERING OF THE PITTSBURGH COAL BED. 


test for inflammability in the Frazer laboratory apparatus, so as to 
form an approximate estimate of the distance to which this particular 
weathering effect had penetrated into thecoalbed. (See pp. 27 to 29.) 

In view of the prejudice among consumers against ‘‘rusty”’ coal, 
or lumps of coal having yellow coatings of iron compounds, it was 
deemed of value to determine by actual test in a boiler furnace the 
comparative evaporative power of such a coal and of a clean, normal 
sample from the same seam. Such a comparison was made of a sam- 
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FiGurE 2.—Typical sections of the Pittsburgh coal bed. 


‘ 


ple taken from about the 70-foot point on the ‘‘gallery”’ entrance 
(see fig. 1) and of a clean sample taken at a point 620 feet from the 
mouth of the main entry. No essential differences in evaporative 
power, furnace efficiency, or burning qualities could be detected. 


COLLECTION OF SAMPLES. 


The samples were taken in the manner prescribed by the bureau ¢ 
for mine sampling, the face of the bed at the points selected being 


« Holmes, J. A., The sampling of coal in the mine: Technical Paper 1, Bureau of Mines, 1911, 18 pp. 
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COLLECTION OF SAMPLES. 9 


cleaned by removing the coal to a depth of 1 inch and the sample 
being cut from across the total height of the entire seam as mined. 
The large sample so obtained was reduced to the desired size by 
crushing and quartering. Typical sections of the Pittsburgh coal in 
this mine are shown in figure 2. 

It is to be noted that the sections of the coal bed in this mine 
indicate considerable variation in the streaks and partings of shale 
and other extraneous material. The sections given are not abnormal, 
and such variations are general in the mine. The hardness or fria- 
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FIGURE 3.—Surface strata at outcrop of air course, right-hand side. 


bility of the partings varies, and this fact particularly renders difficult 
the application of any rigid system of excluding mineral impurities 
from mine samples. It is not to be expected, therefore, that deter- 
minations of ash content of the samples will agree closely (see Tables 
2 and 3). The investigation described in this paper, although not 
primarily concerned with sampling, shows incidentally the necessity 
of averaging a large number of samples from the same mine in order 
to obtain a truly representative ash content. The probable error of 
such a determination should be less than 1 per cent. 

As will be seen from the plan of the mine (fig. 1), the two entries 
are about 50 feet apart and parallel. As concreting was in progress 
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10 WEATHERING OF THE PITTSBURGH COAL BED. 


in the main or west entry, the samples were taken only in the east 
entry or air course, for the first 150 feet, but beyond that point in 
both entries. 

The reference point used in describing the places from which sam- 
ples were taken is the outcrop at the opening of the air course. As 
the line of outcrop can not be located precisely, the reference point 
was arbitrarily established at 10.5 feet outward from the portal of 
the air course. The portal of the air course, furthermore, is 20.5 
feet inward from a point opposite ‘‘station 0” of the main entry, 
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FiGur£E 4.—Surface strata at outcrop of air course, left-hand side. 


“station 0” being the reference point used in other publications of 
the bureau pertaining to the experimental mine. The air-course 
outcrop, therefore, is 10 feet inward from “station 0” of the main 
entry. 

Figures 3 and 4 show the character of the surface strata adjoining 
the outcrop at the air course and also the first three locations where 
samples were taken. The depth of cover overlying the coal bed at 
any point is shown in the profile drawing (fig. 5), which indicates also 
the points at which samples were taken, and roughly the character 
of the overlying strata. 
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VARIATION IN CHEMICAL COMPOSITION OF THE COAL. 


VARIATION IN CHEMICAL 
COMPOSITION OF THE 
COAL. 


Proximate and _ ultimate 
analyses of the coal samples 
were made by the methods 
adopted as standard in the 
laboratories of the bureau.? 
The samples were air dried 
at 35° (. to nearly constant 
weight and were then finely 
pulverized; the pulverized 
coal was kept in tightly stop- 
pered 4-ounce bottles and 
analyzed within 2 weeks from 
the date of sampling. In 
the highly weathered sam- 
ples taken within 10 feet of 
the outcrop volatile matter 
was determined by the modi- 
fied official method.® 

The sulphur occurring as 
sulphate was determined by 
digesting 2 grams of coal in 
100 c. c. of boiling 1 per 
cent sodium carbonate solu- 
tion for one-half hour, filter- 
ing, washing, and then pre- 
cipitating the sulphate in 
the filtrate in the usual 
way. 

In Table 1 the results are 
stated on the basis of the 
original sample ‘‘as_ re- 
ceived”; in Table 2 on the 
‘air-dried’? basis; in Table 
3 on the basis of “dry 
coal’; and in Table 4 on 
the ‘‘moisture and ash free” 
basis, the same results being 
used in all four cases. 

@See Stanton, F. M., and Fieldner, A. C., 
Methodsof analyzing coaland coke: Technical 
Paper 8, Bureau of Mines, 1912, 21 pp. 


> Stanton, F. M., and Fieldner, A. C., op. 
cit., pp. 6-7. 
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Figure 5.—Profile of surface contour overlying air course. (The concrete portal shown in figure was not in place at the time of this investigation.) 
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WEATHERING OF THE PITTSBURGH COAL BED. 


TABLE 4.—Analyses of coal from experimental mine on moisture and ash free basis. 


Dis- | 
tance |L2DO| ume or |Leftor| Vola |Fixed| Hy- 
from tory. entry right tile | car- | dro- 
out- | No y side. | matter.| bon. | gen. 
crop. $ 
1 2 3 4 5 6 7 
Per Per | Per 
Feet, cent. | cent. | cent. 
1} 12310) Air course..... Left...] @44.24) 55.76) 3.75 
1} 12350, 239.11) 60.89} 3.59 
1) 12250 37.09) 62.91) 3.99 
5) 12347 @38.10! 61.90) 4.12 
5 240.36) 59.65] 4.30) 
4.5 
4: 
4.9: 
38.32) 61.68) 4.84 
33.64) 61.36) 4.05 
38.85) 61.11) 5.03 
7 39.24] 60.76] 5.04 
39.39) 60.61) 5.28) 
35.41) 64.59) 5.14 
41.63) 58.37) 5.32 
39.02] 60.98) 5.36 
39.26) 60.74) 5.53) 
39.35) 60.62) 5.49) 
39.26) 60.74) 5.71 
40. 22) 59.78) 5.49 
39.83] 60.17] 5.55 
37.95) 62.05) 5.44 
40.90] 59.10) 5.61 
39.35) 60.65} 5.68 
37.69) 62.31) 5.46 
39.95} 60.05) 5.56 
39.83] 60.17] 5.67 
38. 20) 61.80) 5.44 
41.69] 58.31) 5.61 
41.20} 58.80] 5.56] 
40.06] 59.94] 5.59 
200) 12549) Air course.....| ..do . 40.57) 59.43) 5.61 
200) 12574; Main entry....} ..do. 41.16) 58.84) 5.60 
240) 12550} Aircourse.....| Left...] 40.07] 59.93) 5.55 
240) 12578 Main entr Right 39.33] 69.67) 5.54 
240) 11983; Rib of first ]........ 38.59) 61.41]..... 
crosscut. 
280) 12547) Air course.....} Left...) 40.20) 59.80} 5.71 
280) 12580; Main entry....] Right.| 39.59) 60.41] 5.52 
330} 12548) Air course. .... Left... 40.37) 59.63) 5.67 
330) 12576) Main entry....| Right 40.45) 59.55) 5.61 
345) 11985) Main entry....]........ 39.15] 60.85]...... 
380) 12560] Air course. .... Left.0.} 41.09) 58.91} 5.64 
380) 12575) Main entry....] Right.| 40.09) 59.91) 5.64 
390] 11984) Air course.....]...-.... 38.81] 61.19]...... 
430) 12264)..... GOs. aces Left... 38.61} 61.39) 5.52) 
430] 12573} Main entry....} Right 40.39) 59.61) 5.49) 
480| 12562) Air courso..... Left... 40.08} 59.92) 5.51 
480! 12570' Main entry....! Right." 40.15! 59.85! 5.58) 


a By modified method. 
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b Upper 3 feet 9} inches of bed. 
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7.44 


7.64! 


Sul- 
pat phate] Calorific 
phur. La value. 
ll 2 13 14 
Per | Per | Calo- 
cent. | cent.| ries. |B.t.u. 
0.64)...... 6, 564 11,815 
-67) 0.0) 6,946 12, 503 
eO2hcsec58 6, 978 12, 560 
7, 01212, 622 
7, 050|12, 690 
-| 7, 236 13,025 
-| 7, 211,12, 980 
7, 862/14, 152 
2h) aa 7,799'14, 038 
-72)..,..-| 7,891 14, 204 
-69)...... 7,919 14, 254 
+78) -0) 7,973 14,351 
379 scicces 2 8,137 14, 647 
69)...... 8, 115,14, 607 
i] Mees 8, 293 14, 927 
BBE eden 8, 319,14, 974 
8,321 114,978 
8,346 15, 023 
8,355 15, 039 
8,336 15, 005 
8,362 15,052 
-| 8,407 15, 133 
8,390 15, 102 
8, 408 15, 134 
8,365 15, 057 
1.59|...-<, 8, 40815, 134 
A6i{s4554 8,389 15, 100 
1.541. 52... 8, 43415, 181 
1.GAl. cece 8, baie 134 
1568|.2.522 8,378'15, 080 
ee 8, 406/15, 131 
1.55 5/15, 075 
1.45) 15,070 
1.95). 15,050 
1.11}. 15, 035 
L209) sscsedlccnercheosess, 
1.71). 15,079 
1.17]. 14, 992 
1.91 15,102 
1.71 15,109 
1,64) cisc.]. sees] eceees, 
217 sae xe 8, 410/15, 138 
1.78|...... 8, 380/15, 084 
T6225 so os[sceege]asasts, 
1.67|...... 8, 403 15, 125 
1,51)...3.. 8, 379/15, 082 
1,69}....5. 8, 385/15, 093 
V63l,.05-3 8,370 15, 066 


c Lower 2 feet 54 inches of bed. 
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TaBLeE 4.—Analyses of coal from experimental mine on moisture and csh free basis—Con. 


Dis- 

Labo- . ag . sega) | Sul- 

tance | ra. | Air course or | Leftor) Vola- [Fixed) Hy- | cap. | Nitrol Oxy-|T°t@! | phate! Calorifie 

from | tory entry right | tile | car- | dro- | hon] gen. | gen. | SY | ‘sul- valu 

out- | No. y side. | matter.| bon. | gen. m| BOs, | Bene phur. ohur mings 
crop. | **? DOME. 
1 2 3 4 5 6 7 8 9 10 ll 12 13 14 
Per | Per | Per | Per | Per | Per | Per | Per | Calo- 

Feet. cent. | cent. | cent. | cent. | cent. | cent. | cent. | cent. | rics. |B.t.u. 
530} 12561) Air course.....|........ 39.97] 60.03) 5.52] 84.36) 1.65] 7.37 ‘ &, 407/15, 133 
530| 12569} Main entry....] Right. 40.45] 59.55) 5.44] 84.53) 1.68 8, 388/15, 098 
580) 12559) Air course..... Left... 39.68} 60.32) 5.52) 83.92) 1.85 8, 39615, 113 
580) 12572) Main entry.... i 39.62) 60.38) 5.61) 84.12) 1.66) 8, 371/15, 068 
622) 12282)..... do...... 38.19) 61.81] 5.46) 84.45) 1.67 8, 422/15, 160 
630} 12558) Air course..... La 39.50} 60.50) 5.60} 83.67) 1.69 «| 8, 407/15, 133 
630) 12577) Main entry..-. i 39.22! 60.78] 5.45) 84.06) 1.65) 8, 353/15, 035 
680} 12557]..... CC RELY er --| 40.30] 59.70) 5.57) 83.27) 1.71 8, 385]15, 093 
121) 12579) Air course@ ...].......- 42.38) 57.62) 5.61) 82.90) 1.75 8, 305)14, 949 

@ Roof coal, 


Figures 6 to 10 present curves plotted to show the following items: 
Total moisture content of samples as received, variation in ash and 
sulphur content on moisture-free basis, variation in carbon content 
on moisture and ash free basis, variation in oxygen and hydrogen 
content on moisture and ash free basis, variation in volatile-matter 
content and in calorific value on moisture and ash free basis. 

The analytical results presented in the tables and charts show 
clearly that there has been a considerable alteration of the coal sub- 
stance in the first 40 feet from the outcrop, the degree of alteration 
decreasing with distance from the outcrop. Between 40 and 75 feet 
the alteration is slight and beyond 75 feet it is not perceptible at all 
by the methods of analysis employed. The alteration manifests itself 
in a decrease of calorific value (16.3 per cent at 5 feet, 6.6 per cent 
at 20 feet, etc.) and an increase of oxygen (amounting to 10 per cent 
of the coal at 5 feet) with a corresponding decrease of carbon and 
hydrogen. Beyond the zone of weathering (75 feet) ‘he variation in 
the largely adventitious constituents, moisture and ash, is not to be 
regarded as having a relation to the outcrop. 

The percentage of sulphur in the weathered parts of the bed is less 
than half of that in the fresh coal, probably because of oxidation of 
pyrites to iron sulphate and the leaching effect of surface waters. 
The fact that half of the original sulphur, however, is still present in 
the outcrop coal after long exposure and weathering, and that both 
weathered and unweathered coal contained only traces of sulphate 
sulphur, indicates either a remarkably slow rate of oxidation of 
pyrites or the presence of some other form of sulphur, such as organic 
sulphur, which is more stable toward oxidizing influences. 
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In order to determine the form in which this residual sulphur 
occurred in the weathered coal, the following experiments were made: 

Two samples of weathered and two samples of unweathered coal 
were carefully crushed to pass through a 40-mesh sieve. All dust finer 
than 60-mesh was removed. The 40 to 60 mesh material was then 
subjected to a “float and sink” test in a zine chloride solution hav- 
ing a specific gravity of 1.35. The “float” coal was skimmed off and 
then stirred into a second zinc chloride solution of the same specific 
gravity. In this way most of the pyrite and other free impurities 
were removed from the pure coal. The ‘“‘float’’ coal was thoroughly 
washed with a hot 1:6 solution of hydrochloric acid until the washings 


MOISTURE IN COAL “AS RECEIVED}’ PER CENT 


100 200 300 400 500 600 700 
DISTANCE EROM OUTCROP, FEET 


FIGuRE 6.—Curve showing variation in total moisture content of samples as received. 


gave no precipitate or blue coloration with potassium ferrocyanide, 
and the acid was removed by washing with hot water. After drying 
the washed coal, determinations of total sulphur, iron, and ash were 
made. The results are given in the following table: 


Organic sulphur in weathered and unweathered coal. 


Item. Weatherel coal. | Unweathered coal. 

Daborstory NUMbEl 2 2c cc wees oles teases eee cdeecaseceadesousets 12350 12347 12560 12558 
Distance from outcrop, feet... dl 5 350 630 
Analysis of dry coal before washin 

Ash, percent........-.... 10. 25 8.72 7.42 6. 43 

Total sulphur, percent................ 2.01 1.00 
Analysis cf ‘float’? coal, 40 to 60 mesh, dry b 

Ash, percent....... AS sop teelaZecs ker saqse Sakae eSeoe as oo le nes 1.55 2.21 4.03 3.30 

Total sulphur, por. Cent: ..<.22.00 ccc cesscaceie ss aiecs sen 67 -68 1.21 -90 

Tron, percent.......... 06 +08 +88 19 

Pyritic sulphur, per cen 07 09 43 22 

Organic sulphur, percent... 60 59 +78 68 
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In the two samples of weathered coal from near the outcrop little 
pyrite could be detected with the microscope on examining the 
residue left after elutriating the powdered coal with water; in the 
unweathered coal, pyrite was readily collected by the same process, 
especially in sample 12560, which contained 2.01 per cent sulphur. 
The results of the washing experiments indicate that the sulphur i in 
the weathered coal is practically all in the form of organic sulphur, 
as no material lowering of the sulphur content was produced in the 


SULPHUR AND ASH IN COAL, 
““MOISTURE FREE)’ PER CENT 


DISTANOH FROM OUTCROP, FEET 
Figur 7.—Curves showing variation in ash and sulphur content of samples on moisture-free basis. 
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FicurE 8.—Curve showing variation in carbon content of samples on moisture and ash free basis. 


specific-gravity separation, and the iron in the ash of the ‘‘float” 
coal can account for not more than 0.08 per cent sulphur. The com- 
puted figures for organic sulphur in the unweathered coal are of the 
same magnitude as in the outcrop coal, a relation that may indicate 
that this form of sulphur is not affected by the weathering reactions 

Referring to figures 6 to'10 more in detail, there is to be noted: 
(1) The high percentage of total moisture near the outcrop and also 
at 125 feet, its presence at the latter point being caused possibly by 
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infiltration of water in the mine along an intruding clay seam (see 
figs. 5 and 6); (2) the remarkable agreement of the curves for carbon, 
hydrogen, oxygen, and calorific value in coming approximately to a 
horizontal direction at the same point, namely, 60 feet from the out- 
crop (figs. 8 to 10); (3) the constant heating value of the unweathered 
coal substance free from moisture and ash, as shown by the horizontal 
direction of the calorific-value curve, which conforms with similar 
data obtained from other mines and beds in the Appalachian field 
(fig. 10); and (4) the well-defined though slight dips in the carbon 
and calorific value curves, and the corresponding rise in the oxygen 
an 
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HYDROGEN AND OXYGEN IN COAL, 
“MOISTURE AND ASH FREE;’ PER CENT 


500 600 700 


0 300 400 
DISTANCE FROM OUTCROP, FEET 


FicurE 9.—Curves showing variation in oxygen and hydrogen content of samples on moisture and ash 
free basis. 


curve at 200 to 300 feet from the outcrop indicating a slightly inferior 
average quality of coal at these points (figs. 8 to 10). 

The moisture retained by the coal after air drying is much greater 
in those samples taken within 10 feet of the outcrop than it is in the 
normal unaltered coal. In other words, the moisture in the weath- 
ered coal appears to be more largely in a combined form and to have 
thus a lower vapor tension at the temperature of air drying. This 
is a property shown also by lignites and subbituminous coals. A 
further point of similarity is that the weathered coal, like the lig- 
nitic types, forms a deep-colored possibly colloidal solution when 
treated with hot dilute sodium carbonate solution. In these respects 
as well as in ultimate chemical composition the weathered coal bears 
marked resemblance to the lignites. The resemblance in composi- 
tion may be seen from the following table of comparative analytical 
results: 
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TABLE 5.— Ultimate composition of various coals. 


Constituents computed to ash 


Moisture and moisture free basis. Available 
Source of coal. Lab. No.a| 42 alt- Calorific |“), ydro- 
dried Hydro- value. =a 
sample. | Carbon. past Oxygen. gen. 


Per cent. | Per cent. | Per cent. | Per cent. | Calories. | Per cent. 


Texas lignite. ................-- 1597 10.7 72.09 5.14 20. 54 6, 921 2.57 
Montana lignite... 11002 8.1 67. 50 4.70 25.96 6,219 1.45 
Wyoming subbituminous coal. . 10740 19.9 74. 40 4.94 18. 02 6, 903 2. 69 
Expense nat mine, weathered. 
ONl se etei Use fawedawce sees 12350 12.4 75. 81 3.89 18.10 6, 946 1.63 
Rapertnental mine, unweath- 
ered coals cn. 3. 0255. ss ccc sectes 12556 Ppa 84. 43 5.56 6.74 8, 408 4.72 


@ Pittsburgh laboratory, Bureau of Mines. 
>H-2 
oat 


The calorific value and carbon and oxygen content of outcrop coal 
of the Pittsburgh bed are nearly the same as those of Texas lignite 
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Figure 10.—Curves showing variation in volatilematter content and in calorific value of the 
samples on moisture and ash free basis. 
and Wyoming subbituminous samples. The outcrop coal is consider- 
ably lower in hydrogen than the lignites, and, furthermore, as is 
shown later, the weathered Pittsburgh coal differs from the lignitic 
coals in having much less power of absorbing oxygen.* These facts 
suggest the probability that the Pittsburgh coal, through its reaction 
with and assimilation of oxygen in weathering, has not formed the 
same type of substance—the chemically unsaturated substance—that 
is present in the lignites. The lignites, as compared to the weathered 
coal, are the product of changes that have taken place out of contact 
with the air and contain substances richer in hydrogen and probably 
of a different chemical structure as regards oxygen and hydrogen 


linking. 


a The rate of absorption of oxygen by subbituminous Wyoming coal is shown by experiments reported 
in Technical Paper 2, Bureau of Mines (p. 10), to be three or four times the rate found in the present study 
for the outcrop Pittsburgh coal under similar experimental conditions. 
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VARIATION IN OXYGEN-CONSUMING AND GAS-LIBERATING PROP- 
ERTIES OF THE COAL. 


An outline of the method used in examining the coal samples in 
respect to their oxygen-consuming and gas-liberating properties was 
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FIGURE 11.—Rate of absorption of oxygen by three samples of coal from experimental mine. 


given on page 6. The results are shown in figures 11 and 12 and in 
Tables 6 to 8 following: 
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TaBLE 6.—Absorption of oxygen and liberation of CH, and CO, by coal: 
[Sample 6, 9 kg. of fresh coal from a point 620 fee oe CONOR 19-liter bottle; free air space in bottle, 12 
TS. 


Volume of air (or 
gas) during each COx2, Os, and CH, in 


; gas removed. Oxygen} COs CH, 
a ve in : 
ptcentve ana oct | COs | CHa | ab- | pro- | pro- 
Interval. |}—_,] ——_|_—__—_ 38 PETE AD an sorbed pod ned 
; uced. >/duced. 5| per kg. | per kg. |per kg. 
Admitted Henovet co. | 0, | chy sorbed. 4 Tf coal. | af coal. tof coal. 
to bottle. | bottle. 
C.c. C.c.  |Perct. |Perct. |Perct. | C. c. C.c. | C.c. | C.c. | C.c. | Cre. 
1,500 425 0.8 2.6 0.7 2,498 99 87 278 11.0 9.7 
5, 500 3, 980 8 1.6 -6 1, 206 32 12 134 3.6 1.3 
13, 200 11, 250 11 3.6 -6 2,114 160 67 235 17.8 7.5 
17, 150 13, 250 1.2 3.8 3 3, 062 171 340 19.0 3 
8, 350 7,100 9 5.8 2 1,091 28 2 121 3.1 2 
9, 050 7,700 1.2 4.4 2 1,721 128 15 191 14.2 HY, 
10, 300 8, 200 1.2 4.7 3 1,731 98 37 192 10.9 4.1 
7,750 7, 800 8 6.6 2 877 14 4 98 1.6 4 
8, 850 7,500 1.0 4.6 3 1,745 99 35 194 11.0 3.9 
11, 650 10, 700 1.0 5.1 2 1, 829 107 9 203 12.0 1.0 
13, 700 11, 900 9 5.7 ol 2,116 95 0 235 10.5 0 
8, 850 7,500 8 5.7 .3 1, 422 48 47 158 5.3 5.2 
8, 850 7,800 9 4.0 al 1,742 82 0 194 9.1 0 
124,700 105, 105 }..... on 1, 161 318 | 2,573 | 129.1 35.3 


@ Oxygen absorbed= i Bh eo oa i i removed)+(oxygen in bottle at beginning of period— 


conven in bottle at end of Fs 8 
> CO2 (or CH) produced=COz (or CH) in gas removed+([COsz (or CH,) in bottle at end of period—COg 
(or CHy) in bottle at beginning of period]. 


TaBLE 7.—Absorption of oxygen and liberation of CH, and CO, by coal. 


[Sample 8, 9 kg. of coal from a point 50 feet from outcrop; 19-liter bottle; free air space in bottle, 12 liters.) 


Volume of air (or . 
gas) during each COs, Oz, and CHyin 


bape gas removed. Oxygen| CO2 | CH, 

successive interval. ‘ ee - CO, CH, Ake in ro 

Interval. -—————____—_ ——— a a eee ae A ae sla ae ‘ sealjea uced ae? 
uced. 6|duced. 5} per kg. | per kg. |per kg. 
Admitted | Removed) oo. 1 os | cH (er Of coal. | of coal fof coal. 


to bottle. bottle. 


C.c. C.c. Perct.|Perct.|Perct.)| C.c. C. C.c. 
0 100 3.4 8.4 0 1,492 411 0 
5, 500 2, 600 3.0 3.6 0 1, 632 30 0 
5, 500 4, 400 3.0 3.5 0 1,008 132 0 
5, 500 3,975 2.1 3.9 0 O47 Ns casecss 0 
7, 500 6, 000 2.4 3.8 0 1,352 155 0 
7,000 6, 000 2.3 4.9 0 1,037 126 0 
9, 500 8,000 2.2 5.4 0 1,494 188 0 
11, 500 10, 000 2.0 6.3 0 1, 666 224 0 
6, 500 6, 000 2.0 6.6 0 927 120 0 
5, 500 6, 000 1.6] 11.0 O fiseansees 48 0 
5, 000 5, 100 1.6) 114 0 372 82 0 
69, 000 O8}175)\scesscc) cesedales sete 11,937 | 1,516 0 


a Oxygen absorbed= (oxygen admitted—oxygen removed)+(oxygen in bottle at beginning of period— 
oxygen in bottle at end of period). 

6 COs (or CHa) produced= COs (or CH,) in gas removed+[COsz (or CH4) in bottle at end of period—CO 
(or CH4) in bottle at beginning of period]. 
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TaBLE 8.—Absorption of oxygen and liberation of CH, and CO, by coal. 


[Sample 9, 9 kg. of weathered coal from a point 5f ot Se outcrop; 19-liter bottle; free air space in bottle, 
12 liters. 


Volume of air (or 7 
gas) during each Os Vere as mm 
successive interval. Bas TEMOV eds Net One 
oxygen | COs | CHa Ms 
Interval. rit - pro, ii pro- ‘ sorbed 
oe uced. b]duced. 4] per kg. 
Admitted Be mored sorbed. atone fs 
to bottle. Son 
bottle. 
C.c C.c. . «| Gee. C.c. C.c. C.c. C.c. Y 
0 175 ded 14.0 0.3 803 207 36 89 23.0 0 
2,400 235 1.3 11.5 0 776 0 0 86 0 0 
700 415 1.8 9.9 0 297 22 0 33 2.3 0 
600 750 2.2 9.3 0 128 65 0 14 7.2 0 
1,250 75) 2.7. Be | 0 455 80 0 61 8.9 0 
9, 000 7,900 2.5 8.6 0 1,021 173 0 115 19.2 0 
5,850 5, 650 1.9 11.6 0 208 35 0) 23 3.9 0 
4,000 4,100 2.2 12.2 0 264 126 0 29 14.0 0 
5, 400 4,200 2.0 11.1 0 794 0 88 6.7 0 
6, 600 6, 000 1.9 12.6 0 443 102 0 49 11.3 0 
6,000, 6, 000 1.9 13.3 0 372 114 0 41 12.7 0 
6, 000 6, 000 1.9] 13.6 0 402 114 0 45 12.7 0 
6, 500 6, 000 1.8] 13.5 0 560 96 0 62 10.7 0 
4,000 4,000 1.9 13.1 0 360 0 40 9.8 0 
6, 500 6, 000 2.0 12.3 0 728 132 0 81 14.7 0 
64,800 | 58,175 |.......). 0.002. Ee 7,611 | 1,414 36| 846 4.0 


a Oxygen absorbed=(oxygen admitted—oxygen removed)+(oxygen in bottle at beginning of period— 
oxygen in bottle at end of period). 

© COg (or CH4) produced= COg (or CH) in gas removed+[COz (or CH,) in bottle at end of period—COs 
(or CH,) in bottle at beginning of period]. 


It is to be noted that the outcrop coal 5 feet in, although still 
retaining some oxygen-consuming power, is much less active in 
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TIME, DAYS 
FIGURE 12.—Rates of liberation of COs and CH, by three samples of coal from experimental mine. 


this respect than the fresh coal. The coal 50 feet in shows also less 
activity toward oxygen than the fresh coal, although during the first 
few weeks of the test the difference was slight. The oxygen-con- 
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suming test thus appears to be more delicate than the chemical 
analysis, because the latter indicated practically no deterioration in 
the 50-foot coal. Furthermore a slight but unquestionable produc- 
tion of inflammable gas occurs in the case of the fresh coal, whereas 
none could be detected with the 50-foot sample, and only a slight 
amount, almost within the error of the analytical method, in the case 
of the outcrop sample. 

It is evident that the Pittsburgh bed of coal, as situated in this 
mine, has suffered alteration by weathering up to a distance of about 
50 feet from the outcrop so as to cause a marked reduction in its 
power to consume the oxygen of the air and to liberate inflammable 
gas. 
The liberation of CO, by the coal appears to be, in some measure at 
least, a result of the absorption of oxygen, although it does not appear 
simultaneously with the absorption but subsequent to it. The 
amount of CO, produced is less than the molecular equivalent of the 
oxygen consumed. ‘The outcrop coal and the 50-foot sample produce 
CO, in greater quantities than the fresh coal,-probably on account 
of the greater proportion of oxygen they have assimilated. 

It is to be noted further that the Pittsburgh coal in this mine, even in 
fresh condition, is less gaseous and less active in consuming oxygen 
than the majority of coals from other regions.? 


VARIATION IN INFLAMMABILITY OF DUSTS PREPARED FROM 
THE COAL. 


The samples compared for inflammability are described in Table 9. 
They were prepared by air drying the coal at 30° to 35° C. and then 
pulverizing it to 200-mesh. The results of analyses of the samples are 
given in Table 10. 


TaBLE 9.—Description of coals used for inflammability tests. 


Labor- 
ony State. County. Town. Mine. Bed. Location in mine. 
oO. 

12282 | Pa..-... Allegheny... .. Bruceton......| Experimental.|Pittsburgh.. | At face, 622 feetin, on 
main entry. 

12492 | Pa......]....- (Ree see eee: (: aneareammerens| Meret» [> gueursnney Papers do.......] Right-hand side of air 
course, 50 feet in by 
outcrop. 

12250 | Pa...-..|....- do.........].-.--d0.........].-.--d0.........]..---do.......] Right-hand side of air 
course at outcrop. 

10623 | W. Va...] Fayette....... South Nuttal..| Brown........ Sewell....... 

11170 | Pa...... Washington...| Baird......... Schoenberger .| Pittsburgh.. 

10959 | Tll.......| Madison....... Collinsville....} No.3.....-..-- INO: 62.5: 25. 

12006 | Wyo....| Sheridan...... Monarch...... Monarch s....|sacescsssessee 


@ Porter, H.C., and Ovitz, F. K., The escape of gas from coal: Technical Paper 2, Bureau of Mines, 1911, 
p. 
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TABLE 10.—Analyses of coals used for inflammability tests. 


[On air-dried basis.] 
Volatile | Fixed 
Laboratory No. Moisture. matter: | ‘carbon: Ash. | Sulphur. | Oxygen. 


. | Per cent. | Per cent. | Per cent. | Per 
84 45 32 


3 
y 
2 
z 


35. 57.39 5. 1.25 8.21 
36. 86 56. 74 4.36 1.00 9.08 
28. 89 49. 00 9. 61 0. 48 24.91 
25. 45 70. 91 2.81 0.60 4.62 
34. 55 58. 51 5. 87 1.07 6.97 
38. 52 43.93 10. 03 3.89 15. 01 
37. 28 43. 82 4.00 0. 43 28.11 


Comparisons of inflammability were made with these samples in 
the air-dry condition by the laboratory method of Frazer. A 
given weight of dust was puffed with air over a heated platinum coil 
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FiGuRE 13.—Comparative inflammability of prepared dust of three samples of coal from experimental 
mine. 


and the pressure developed on ignition was measured.. The results 
are shown in figure 13 for the three samples from the experimental 
mine and in figure 14 for four other typical coals for comparison. 
Sample 12282 (622 feet in), and sample 12492 (50 feet in) show 
practically no difference in inflammability The outcrop coal (sam- 
ple 12250), however, shows a very much lower degree of inflamma- 
bility, due in part to its higher content of moisture and ash and in 
part also to its weathered condition. Although the outcrop sample 
contains about 16 per cent less of combustible material (ash and mois- 
ture free) than the other two samples, its inflammability at the high- 
est temperature of the ignition coil is at least 80 per cent lower, indi- 


a Frazer, J. C. W., Laboratory investigations of the ignition of coal dust: Bull. 20, Bureau of Mines, pp. 


128-132; Frazer, J. C. W., Hoffman, E. J., and Scholl, L. A., jr., A laboratory study of oo EY 
of coal dust: Bull. 50, Bureau of Mines, i913, yp. 6-7. 
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cating the large influence of alteration in composition of the coal 
substance. 

This effect of weathering on inflammability, which is so evident 
in the outcrop coal, does not appear to have extended 50 feet into 
the coal bed. It is of interest to note that although the outcrop 
sample contains a much larger percentage of oxygen than the other 
two samples, this fact alone is not sufficient explanation of its low 
degree of inflammability, because the sample of Illinois coal (10959) 
and the sample of Wyoming coal (sample 12006), notwithstanding 
their high percentages of oxygen, show comparatively high degrees 
of inflammability (fig. 14). 
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FiaurE 14.—Comparative inflammability of dust prepared from four typical coals. 


EVAPORATIVE TESTS IN A BOILER FURNACE. 


Because of the prevailing prejudice against coal having a rusty 
appearance and the popular belief that its evaporative power is 
less than that of fresh-looking coal from the same mine, a series 
of evaporative tests was made by the steam-engineering section of 
the bureau with two samples, No. 180 taken at the face, 622 feet 
inby the outcrop in the main entry, and No. 179, rusty coal taken 
in the ‘‘gallery” entry (fig. 1), 70 feet from the outcrop. 

The tests were all conducted under conditions that were main- 
tained as nearly the same as was possible. The boiler used was of 
the return-tubular type, 5 feet in diameter and 16 feet long, with forty- 
four 4-inch flues and a total water-heating surface of 833 square feet. 
It was equipped with plain grates having an area of 22.5 square feet. 


Google 


30 WEATHERING OF THE PITTSBURGH COAL BED. 


The grates were 3 feet 6 inches from the lowest part of the shell 
and had air spaces equal to 43 per cent of the total grate surface. 
Natural draft only was used, and all of the tests were conducted for 
approximately 8 hours. The alternate method? was used in starting 
and stopping the tests and the firing was done by the alternate- 
spreading method. During each trial supplementary air was admitted 
for a period of 2 to 3 minutes after firing. The air was admitted 
at the front end of the furnace over the firing doors, through 13 
rectangular openings with a combined area of 52 square inches, and 
also in the rear face of the bridge wall, through 18 openings with a 
total area of %7 square inches. Three 35-inch steam jets, placed at 
the front of the furnace and pointed at the rear line of the grates, 
were used also for a similar length of time after firing. The principal 
observed and computed results of the several trials appear in the 
following table: 


TABLE 11.—Results of steaming tests of ‘‘rusty’’ and fresh coal. 
g y 


“ ” ; Fresh coal 
Rusty win (Pittsburgh No. 
,A.S.M.E. enter 180). 
code Item. 
item No. ——— 
Test No. | Test No. | Test No. | Test No. | Test No. 
8-373. 8-374. 8-376. 8-372. S-375. 

11,1 | Steam pressure, pounds per square inch 82.2 82.3 84.4 82.2 83.0 

12 Draft, damper to boiler, inches (water 
PAGO) cor Ssakses eoeeut tesa twos 18 24 24 +18 -22 
13 Draft, in furnace, inches (water gage). 08 10 10 0 09 
20 Feed-water temperature, °F........... 72.8 72.8 72.4 73.0 72.3 
21 Temperature of flue gas from boiler, °F 577 556 607 609 
23 Bump coalin fuel, percent............- 50 GOW ges exee ss! 60 65 
25 Weight of coal as fired, pounds......... 3,033 3, 166 3,160 2,946 3, 190 
27 Weight of dry coal consumed, pounds. . 2,904 3, 049 3,090 2,870 3, 109 
28 Weight ofash and refuse, pounds....... 234 208 230 228 194 
29 Clinkerin ash, percent......... 53 46 46 51 53 59 
32 Fixed carbon in coal, per cent. 54. 46 54. 42 55.91 55. 60 55. 47 
33 Volatile matter in coal, per cent 34. 43 34.95 34.49 35. 50 35. 60 
34 Moisture in coal, per cent 4.25 3.71 2.23 2.60 2.54 
35 Ashin coal, percent... 6.86 6.92 7.37 6.30 6.39 
36 ip eve an coal, per cer 1.28 1.06 1.11 1.31 1.27 
44 Carbon in ash, per cent 28.1 26.0 31.9 38.4 31.0 
Carbon in clinker, per cent. as 13.3 9.4 9.5 9.7 8.9 

48 Dry coal per square foot of grate surface ‘ 

pe HOUT; POUNGS .... gecas2scs'e s5cc350% 15.0 15.8 17.6 14.7 16.9 

50 Calorific value of dry coal, B. t. u. per 
POUNG . 925 25 oSawe xh oe cass semen cnes eee) 13,932 13, 968 13, 892 14,126 14, 252 
56 Quality of steam (dry steam=1.000).... + 985 +985 = 985 + 985 - 985 

57 Total weight of water fed to boiler, 
POUNAS. 2 225 2226 3 sae sees Hens tae aees 21,809 23, 152 22,104 20, 855 23, 364 

59 Water actually evaporated (corrected 
for item 56), pounds................6- 21, 482 22,805 21,772 20, 542 23,014 
65 florsepower developed Sosageve Ras ets wid 101 90.8 95.2 81.1 86.4 


68 Water apparently evaporated pe 

pound of coal (item 657+item 25), 

POUNGS 252. ie nee eta heres abt fod 7.19 7.31 7.00 7.08 7.32 
69 Equivalent evaporation from and at 

212 °F. per pound of coal as received, 

POUNGS Tos peas ise cow rasa aes enaeces 8.36 8.51 8.14 8.23 8. 52 
70 Equivalent evaporation from and at 

212 °F. per pound of coal, moisture 

free, NOUNdS. ...2-22 sds ssi Saas gaa nes 8.74 8.83 8.33 8.45 8.74 
71 Equivalent evaporation from and at 

212 °F, per pound of coal, moisture 

and ash free, pounds . -|b9.48-9.59 |b9.46-9.65 |b9.00-9.16 |b9.18-9.22 |b9, 30-9. 47 
72 Efficiency of boiler..............- b61.0-61.7 |b60.7-61.9 |057.8-58.9 ]b58.7-58.9 |b58. 9-60. 0 
73 Efficiency of boiler, including gra 60.6 61.0 57.9 57.8 59.2 


a See Report of committee on boiler trials, Code of 1899, American Society of Mechanical Engineers. 
b Figured from analysis of coal and ash. 
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It will be noted that the tabulated figures show no decided differ- 
ence in the evaporative power of the two samples. The difference 
between the average over-all efficiency of the tests run with the 
“rusty”? coal and that of the tests run with the fresh coal is so small 
that it can not be considered indicative of any actual difference in 
the quality of the two samples. The tests failed similarly to show 
that the “rusty” coal is inferior to the fresh coal in any other respect. 


EFFECT OF ,THE GROUND-WATER LEVEL ON WEATHERING. 


Some observations of the weathering of coal in the Green River 
Basin (near Rock Springs), Wyo., by Schultz lead him to the con- 
clusion that although ground-water infiltration may affect in some 
degree the weathering of coal in the seam, the weathering has not, in 
the locality observed, penetrated to the ground-water level. ‘If the 
coal is not open or exposed to the air the weathered zone does not as 
a rule extend more than 50 feet below the surface.” 

The opinion is expressed also that coals of lower grade are more 
easily affected by oxidation than those of higher grade. 

The ground-water level at the experimental mine seems to vary 
greatly with change of season and can not at any time be referred to 
any particular plane within the zone of variation. The rusty appear- 
ance in the coal, at a few points beyond 100 feet from the outcrop, 
indicates that beyond that point there has been infiltration of 
iron-bearing waters through the coal bed from fractures or joints 
in the roof, although the chemical composition of the coal seemingly 
has not been altered. It is likely that the moist condition of the 
ground through the greater part of the year, or, in other words, 
the proximity of the ground-water level to the surface at most 
seasons, has retarded the weathering effect upon the coal bed at this 
locality. It also seems probable that the nature of the roof makes 
a difference in the extent of the weathering to which the coal bed 
is subjected; that is, whether the roof is porous or fractured, per- 
mitting penetration of water, or contains relatively impervious 
strata, such as the shale in the roof over the Pittsburgh bed at 
the experimental mine. 


GENERAL CONCLUSIONS. 


Weathering has affected the Pittsburgh bed of coal at the experi- 
mental mine near Bruceton, Pa., for a distance not greater than 50 
feet from the outcrop, the amount of cover at this distance being 
less than 25 feet. This conclusion applies only to the particular 
mine investigated. Conclusions of general application must neces- 
sarily be based on a large number of similar investigations of other 


@ Schultz, A. R., Weathering of coal in the arid region of the Green River Basin, Sweetwater County, 
Wyo.: U.S, Geol. Survey Bull. 381, 1910, pp. 282-296. 
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mines where conditions vary in respect to the amount and the nature 
of the roof overlying the coal. 
- The weathering effects are manifested in a lower content of carbon 
and hydrogen and higher content of oxygen in the coal substance, a 
correspondingly lower calorific value of the coal, the presence of a 
larger proportion of combined water in the coal substance, and a 
much diminished power of consuming oxygen from the air and of 
liberating methane. 

A rusty appearance on the surfaces of lumps is not necessarily an 
indication of any depreciation in the fuel value of the coal. 
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The following Bureau of Mines publications may be obtained free 
by applying to the Director, Bureau of Mines, Washington, D. C.: 
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56 pp., 1 pl., 9 figs. 
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and Henry Kreisinger. 1910. 42 pp., 1 pl., 7 figs. 
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Richard Moldenke. 1910. 32 pp. 
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R. H. Fernald. 1910. 27 pp., 4 pls., 7 figs. 
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1910. 62 pp., 1 fig. 

BuLLetTin 6. Coals available for the manufacture of illuminating gas, by A. H. 
White and Perry Barker, compiled and revised by H. M. Wilson. 1911. 77 pp., 
4 pls., 12 figs. 

BuLLeETIN 7. Essential factors in the formation of producer gas, by J. K. Clement, 
L. H. Adams, and C. N. Haskins. 1911. 58 pp., 1 pl., 16 figs. 

Butetin 8. The flow of heat through furnace walls, by W. T. Ray and Henry 
Kreisinger. 1911. 32 pp., 19 figs. 

Buuetin 12. Apparatus and methods for the sampling and analysis of furnace 
gases, by J. C. W. Frazer and E. J. Hoffman. 1911. 22 pp., 6 figs. 
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1910, by R. H. Fernald and C. D. Smith. 1911. 393 pp., 12 pls., 250 figs. 
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on sulphite-pitch binder, by C. L. Wright. 1911. 64 pp., 11 pls., 4 figs. 

Butuetin 16. The uses of peat for fuel and other purposes, by C. A. Davis. 1911. 
214 pp., 1 pl., 1 fig. 

Bu.tetin 18. The transmission of heat into steam boilers, by Henry Kreisinger and 
W. T. Ray. 1912. 180 pp., 78 figs. 

BuLietin 19. Physical and chemical properties of the petroleums of the San Joaquin 
Valley, Cal., by I. C. Allen and W. A. Jacobs, with a chapter on analyses of natural 
gas from the southern California oil fields, by G. A. Burrell. 1911. 60 pp., 2 pls., 
10 figs. 

BULLETIN 22. Analyses of coals in the United States, with descriptions of mine and 
field samples collected between July 1, 1904, and June 30, 1910, by N. W. Lord, with 
chapters by J. A. Holmes, F. M. Stanton, A. C. Fieldner, and Samuel Sanford. 1913. 
1200 pp., 1 fig. In two parts. 

BuLtietin 23. Steaming tests of coals and related investigations, September 1, 1904, 
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1912. 380 pp., 2 pls., 94 figs. 

BuuLetin 24. Binders for coal briquets, by J. E. Mills. 56 pp., 1 fig. Reprint 
of United States Geological Survey Bulletin 343. 

Buuuetin 27. Tests of coal and briquets as fuel for house-heating boilers, by D. T. 
Randall. 44 pp., 3 pls., 2 figs. Reprint of United States Geological Survey Bul- 
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